Abstract The purpose of this research was to develop and test a model of effective selfregulated learning. Based on effort expenditure we discerned effective self-regulators and less effective self-regulators. The model comprised achievement goals (mastery, performance-approach and -avoidance goals), metacognition (metacognitive knowledge, regulation and experience), study strategies (metacognitive, deep cognitive, surface cognitive and resource management strategies) and academic achievement. The relationships in the model were tested with controlling for intellectual ability, gender and age. The results showed that effective self-regulated learning involved two pathways: a metacognitive and a strategy pathway. The first pathway involved a positive relationship of mastery goals and a negative relationship of performance-avoidance goals with metacognition. Metacognition positively affected the use of the four study strategies. The strategy pathway involved positive effects of mastery and performance-approach goals on the use of metacognitive and deep cognitive strategies. Further, performance-approach goals positively affected the use of surface cognitive and resource management strategies. The use of metacognitive and resource management strategies had a positive and the use of surface cognitive strategies had a negative effect on exam scores.
engaged in the learning process (Boekaerts and Corno 2005; Winne 1996; Zimmerman 2000) . Self-regulated learners are thought to hold the belief that effort leads to success, which drives their willingness to make a commitment to effort utilization and persistence in academic tasks (Ames 1992; Weiner 1986; Wolters 2003; Zimmerman and Martinez-Pons 1990) . Ames (1992) and Covington (1983 Covington ( , 1985 pointed out that the willingness to make a commitment to effort utilization is necessary for the development of the relevant skills, strategies and academic performance. In line with this, several recent studies reported a positive effect of effort investment on academic achievement (Dupeyrat and Martiné 2005; Elliot et al. 1999; McKenzie et al. 2004; Wolters 2004) . Based on these considerations, it was assumed that high effort expenditure is characteristic of effective self-regulated learners and that high effort expenditure results in high achievement. Winne (1996) noted that students who do not receive much explicit instructions about the knowledge and skills that underlie self-regulated learning, nonetheless are developing forms of self-regulated learning and may develop forms of self-regulated learning that are suboptimal. Thus, it is plausible that there are qualitative and quantitative differences between the self-regulatory processes of effective and less effective self-regulated learners. Theorists, such as Boekaerts (1997) , Pressley (1995) and Winne (2005) , have pointed out that it is important to investigate in what respects effective and less-effective self-regulatory students differ. Understanding how learners use self-regulated learning may provide clearer guidances about how to engineer the scaffolds for supporting the development of effective self-regulated learning.
The major models of self-regulated learning differ in their specific perspectives on selfregulation and employ different terminologies (e.g. Boekaerts 1997; Pintrich 2004; Schunk 2001; Winne 2001; Zimmerman and Schunk 2001) . However, there is consensus among theorists that self-regulated learning involves goal setting, metacognition and the use of (meta)cognitive strategies.
We tested the predictions of a model that explains the impact of achievement goals on metacognition and on study strategies, of metacognition on study strategies and of study strategies on academic achievement. We used path analysis to determine the relative strength of the relationships between the relevant variables for effective and less effective self-regulated learners. Such causal modeling procedures enable the testing of complex conceptual models as a whole and go beyond the mere examination of relationships between two sets of variables. The conceptual foundation of the model for effective selfregulators tested in this study is a synthesis of previous work. We first review the previous work and than present the model that guided our research.
Achievement goals
A general assumption that most models of self-regulated learning share is that there is some type of goal, criterion, or standard against which to assess the operation of the learning process and that guides regulatory processes (Boekaerts and Corno 2005; Winne 1996; Zimmerman 2000) . It is assumed that learners set standards or goals to strive for in their learning, monitor their progress toward these goals, and then adapt and regulate their cognition, motivation and behavior in order to reach these goals (Pintrich 2000) . Goal setting takes place in the first phase of the self-regulatory process (e.g. Pintrich 2004; Zimmerman and Kitsantas 2005) .
Achievement goal theory describes general goal orientations that concern the reasons or purposes students are pursuing when approaching and engaging in a task. This theory originally stressed two general orientations to achievement: mastery and performance goals (Ames 1992; Dweck and Leggett 1998) . Mastery goals orient the student towards learning and understanding, developing new skills, and a focus on self-improvement using self-referenced standards. Performance goals represent a concern with demonstrating ability, obtaining recognition of high ability, protecting self-worth and a focus on comparative standards relative to others and attempting to surpass others (Pintrich 2000) . With performance goals opposite motives are involved, namely, the aim at a positive evaluation and the avoidance of a negative one. Because of these opposite motives, different authors (e.g., Elliot 1997; Elliot and Church 1997) have proposed a framework in which the performance goal construct is bifurcated into approach and avoidance forms of regulation. A performance-approach goal orients the student towards achieving higher levels than others and demonstrating high ability. With a performance-avoidance goal the student is concerned with avoidance of the demonstration of low ability or appearing stupid.
In a review of the achievement goal literature, Ames (1992) noted considerable benefits of pursuing mastery goals over performance goals. The assumption that mastery goals are more adaptive than performance goals is referred to as a mastery goal perspective, because it implies that students are best off exclusively focusing on mastery in their achievement pursuits. More recently, Barron and Harackiewicz (2001) evidenced that maladaptive learning patterns were mainly associated with performance-avoidance goals and active learning behaviors with performance-approach goals. Therefore, a number of theorists argued for a multiple goal perspective in which both mastery and performance-approach goals can be beneficial (e.g. Barron and Harackiewicz 2001; Harackiewicz et al. 2002) . In support of the multiple goal perspective, Dupeyrat and Martiné (2005) , Elliot et al. (1999 ) Harackiewicz et al. (1998 ), and Wolters (2004 found a positive relationship between mastery and performance-approach goals. Further the results of Elliot and Church (1997) , Elliot et al. (1999) , Midgley et al. (1998), and Wolters (2004) showed that performanceapproach and -avoidance goals were positively related.
Based on Markus and Ruvolo's theory on possible selves (1989), we assumed that performance-avoidance goals also can have some beneficial effects. According to Markus and Ruvolo (1989) goals affect performance because goals form a bridge between a student's present state and his or her future state. The mental representations a student has of him-or herself concerning the approach and attainment of a goal are called 'possible selves'. Such a possible self can take positive guises if it concerns a student's hopes and desires. It also may take negative guises if topics that inspire fear are involved, such as incompetence and failure. Goals optimally contributes to a student's motivation if they not only activate a positive desired possible self but also a negative feared possible self which represents what might happen when the desired state is not reached. If this negative possible self is less prominent than a positive possible self, and the student knows what to do to avoid the feared state, it may have a motivating effect (Oyserman and Markus 1990) . Thus, when a weak performance-avoidance goal, representing a weak negative feared possible self, would be related to a strong mastery goal, the weak performanceavoidance goal may have a positive effect on the planning and monitoring of effective self-regulators. The results of Suárez Reveiro et al. (2001) demonstrated that one of the characteristics of effective self-regulators was their desire to avoid being judged negatively by others.
Suárez Reveiro et al. (2001) pointed out that students' adoption of different goals allow them to manage their learning and make it more flexible, so that they are able to attune their behavior optimally to the task and achieve good results. Thus, the study of effective self-regulation should involve a multiple goal perspective, assuming that students simultaneously pursue mastery, performance-approach and -avoidance goals.
Metacognition
The literature in the area of metacognition identifies two distinct aspects of metacognition: knowledge about cognition and the regulation of cognition (Brown 1987; Flavell 1979; Veenman et al. 2006 ). Knowledge about cognition refers to the knowledge or beliefs about what factors or variables interact in what ways to affect the course and outcomes of cognitive enterprises (Flavell 1979) . Flavell and Wellman (1977) distinguished metacognitive knowledge concerning the person (e.g. 'I am good at memorizing'), the task (e.g. 'The study book for Introduction to Psychology is easier than that for statistics.') and the strategy (e.g. 'Elaboration helps to understand.') and knowledge about the interaction between these three variables (e.g. 'Rehearsal helps me when I have to memorize something, but when I have to understand other strategies like organizing the study material are more helpful.'). Cross and Paris (1988) discerned three kinds of metacognitive knowledge: declarative knowledge (knowing what factors influence human cognition), procedural knowledge (knowing how certain skills work and how they should be applied), and conditional knowledge (knowing when strategies are needed).
Regulation of cognition refers to a set of activities that help students control their learning. Although a number of regulatory skills have been described in the literature, three essential skills are included in all accounts: planning, monitoring and evaluation (Jacobs and Paris 1987; Veenman et al. 2006; Winne 1996) . Planning involves the selection of appropriate strategies and the allocation of resources that affect performance. Monitoring refers to one's on-line awareness of comprehension and task performance. Evaluation refers to appraising the products and efficiency of one's learning, such as re-evaluating one's goals and conclusions.
A component of metacognition that has received relatively little attention concerns metacognitive experiences. Flavell (1979) describes metacognitive experiences as 'any conscious cognitive or affective experience that accompanies and pertains to any intellectual enterprise. ' Efklides and Petkaki (2002) noted that persons who engage in cognitive tasks experience various affects, such as interest, and form judgments regarding their task processing and how well they are doing. These feelings and judgments regarding the learning achieved are metacognitive in nature because they monitor features of the cognitive processing of the task at hand and the person's response to it. The Awareness of Independent Learning Inventory (AILI; Elshout-Mohr 1992; Elshout-Mohr et al. 2004; Meijer et al. 2003; Meijer et al. 2006) assesses not only metacognitive knowledge and regulation, but also metacognitive experiences.
One key assumption of all theories of metacognition is that knowledge and regulation of cognition are mutually correlated (e.g. Jacobs and Paris 1987; Flavell 1979) . However, this positive relationship does not occur when metacognitive knowledge is incorrect, since incorrect metacognitive knowledge about their learning processes prevents students from amending this knowledge (Veenman et al. 2006) .
The Metacognitive Awareness Inventory (MAI) of Schraw and Dennison (1994) showed that knowledge of cognition and regulation of cognition were strongly intercorrelated. This was confirmed by the results of Sperling et al. (2004) . The results of Meijer et al. (2003 Meijer et al. ( , 2006 show that knowledge of cognition, regulation of cognition and experience of cognition as measured by AILI also have strong positive relationships. Hence, in the present study the total AILI scores were used.
Metacognition, achievement goals and strategy use
Few data are available concerning the relationships of achievement goals and the engagement in metacognitive activities. Schraw et al. (1995) found that students who strongly adopt mastery goals reported more metacognitive knowledge than students with less strong mastery goals. Ford et al. (1998) reported that a learning orientation predicted metacognitive regulation. In contrast, Sperling et al. (2004) reported that intrinsic motivation was not related to the engagement in metacognitive activities.
Achievement goal literature is concerned with why a student is pursuing a task and how the orientation to the task can influence many of the different processes of self-regulation (Pintrich 2000) . When students pursue mastery goals they are motivated to master and learn the material. They are focused on the task and ask themselves: 'How can I understand this?' or 'How can I do this?' With mastery goals students actively search their memory for relevant prior knowledge, such as content knowledge and metacognitive knowledge about the task and strategies, relevant for mastering the material. Moreover, they orient their regulatory processes to cues that provide information about their progress in learning. Thus, the pursuit of a mastery goal evokes engagement in metacognitive activities (e.g. Ames 1992; Boekaerts 1997) .
A performance-approach goal orients the student toward normative comparison and demonstrating high ability. Schraw et al. (1995) found that performance-approach goals were not related to metacognitive knowledge. Furthermore, the results of Sperling et al. (2004) showed that extrinsic goals were unrelated to the engagement in metacognitive activities. With performance-approach goals learning itself is viewed as a way to achieve a desired goal and attention is directed toward achieving normatively defined success. Thus, it seems reasonable to assume that concerns about performance evaluation do not promote the engagement in metacognitive activities relevant for the task performance.
Performance-avoidance goals focus students on the possibility of a negative outcome and appearing stupid, which might engender threat appraisals and anxiety. However, we argued before that the pursuit of a weak performance-avoidance goal, representing a weak negative feared possible self, could have a positive effect on the planning and monitoring. In accordance with this, we assumed that approach-avoidance goals would have a negative relationship with the engagement in metacognitive activities. Sperling et al. (2004) and Luwel et al. (2003) pointed out that metacognitive knowledge and regulation influence decisions which strategy to use. Luwel et al. (2003) administered interviews to gather data about six grader's metacognitive knowledge and regulation. In the study of Sperling et al. (2004) first-year students completed the MAI. Both studies found that the engagement in metacognitive activities was positively related to the use of all relevant strategies. Decisions on strategy use imply that the strategy is adapted to the task and to the stage of the task performance. In different stages of the task performance different strategies may be appropriate. For example, a student may initially use memorization strategies, recognizes that memorization is not working, and than decides to outline and answer adjunct questions or vice versa (Olausen and Bräten 1999) . The selfregulatory student's engagement in metacognitive activities engenders the optimal adoption of strategies to the requirements of the task. For this all study strategies may be deployed.
Various authors have found that the use of study strategies was positively related to exam scores (Pintrich and DeGroot 1990; Elliot et al. 1999; Wolters 2004) .
Achievement goals and strategy use
Research on, and programs that teach, study strategies (e.g. Entwistle and McCune 2004; Garcia and Pintrich 1996; Weinstein and Mayer 1986) provide the taxonomy and the means for assessing these activities, which include cognitive and metacognitive strategies and resource management strategies. Cognitive strategies are classified into surface cognitive strategies and deep cognitive strategies. Surface cognitive strategies refer to rehearsal, involving the repetitive rehearsal and rote memorization of information, which helps to encode new information into short-term memory, e.g. reading the course material over and over again. Deep cognitive strategies, pertaining to elaboration, organization and critical thinking, involve challenging the veracity of information encountered and attempting to integrate new information with prior knowledge and experience, which facilitates long-term retention of the target information (e.g. making an outline of important concepts). Metacognitive strategies, basically consisting of planning (e.g. goal setting in order to direct the study activities for a course), monitoring and regulating, help students control and execute their learning process (e.g. changing the way to read if course materials are difficult to understand). Resource management includes student's regulatory strategies for controlling other resources besides their cognition. These strategies manage one's time (e.g. making a study schedule and stick to it) and study environment (e.g. choosing the right place to concentrate on course work) and focus on the use of others in learning: peer learning (e.g. using a study group or friends to help with learning) and help seeking (e.g. seeking help from peers and instructors when needed).
According to Alexander's (2003) Model of Domain Learning the nature of developing expertise in academic domains progress from acclimation to competency and proficiency. At the initial acclimation stage students have limited and fragmented knowledge and lack a cohesive and well-integrated body of domain knowledge. Given this state of knowledge students frequently use surface cognitive strategies to make sense of the course material. The transformation into competency is marked by quantitative and qualitative changes in knowledge and strategy use which are linked to increases in personal interest. Competent learners demonstrate a more integrated body of domain knowledge, As the problems in the domain become more familiar learners delve into such tasks by applying a mix of surface cognitive and deep cognitive strategies.
Studies examining the link between performance goals and the use of deep cognitive strategies in college students have yielded rather clear results: performance goals are consistently unrelated to student's use of deep cognitive strategies. However, Elliot et al. (1999) , Pintrich (2000) and Wolters (2004) noticed that most of the research on the relationship of performance goals and study strategies did not distinguish between approach and avoidance versions of performance goals. Wolters (2004) distinguished between approach and avoidance versions of performance goals and found that performanceapproach goals were positively related to the use of deep cognitive strategies.
Surface processing involves the repetitive rehearsal and rote memorization of information. It is assumed by theorists (e.g. Elliot et al. 1999 ) that surface processing is integral to the development of a comprehensive knowledge base. Academic exams often test the memorization of information provided in a course. Surface cognitive strategies might be necessary for examinations such as multiple-choice tests or exam questions that do not test for deep understanding or integration of the material. Thus, approach and avoidance performance-goals could have positive relationships with students' use of surface cognitive strategies. Several studies reported that performance goals are positively related to students' use of surface cognitive strategies (Elliot et al. 1999) . Furthermore, Elliot et al. (1999, study 1) found that performance-avoidance goals were positively related to the use of surface strategies. In addition, Dupeyrat and Martiné (2005) showed that performance-approach goals had a positive relationship with student's use of surface cognitive strategies Wolters (2004) concluded that studies involving college students that did not separate approach and avoidance goals failed to find any clear evidence linking students' endorsement of performance goals and their use of metacognitive strategies. In addition, Somuncuoglu and Yildirim (2001) found that an ego-social goal orientation-comparable with performance-approach goals-was not related to the use of metacognitive strategies. The research of Wolters (2004) showed that performance-approach goals were positively related to the use of metacognitive strategies.
Few data are available regarding the link between achievement goals and resource management strategies. Resource management strategies consist of time and study management strategies, and of peer learning and help seeking from peers and instructors. Performance-approach goals focus on positive outcomes, which might impel efforts to devise a structured study regimen and seek instrumental help to gain assistance sufficient to achieve independently.
The research of Suárez Reveiro et al. (2001) showed that a work-avoidance orientationcomparable with performance-avoidance goals-was negatively related to time and study management. Elliot et al. (1999) hypothesized that the pursuit of performance-avoidance goals would result in disorganization. They found that disorganization, which is the opposite of time and study management, was positively related to the pursuit of performance-avoidance goals. Thus, the weak adoption of performance-avoidance goals would be related to the strong use of time and study management.
Overview of the present research
Starting from a number of core concepts in the theoretical models of self-regulated learning and based on the results of empirical research, the relations between achievement goals, metacognition, strategy use and achievement were put into a complex causal model that was tested. Specifically, the following relationships were posited. (1) Mastery and performance-approach goals would have a positive relationship. Further, performanceapproach and -avoidance goals would have a positive relationship, and performanceavoidance goals would be negatively related to mastery goals. (2) Mastery goals would be positively related to metacognition, which in turn would positively affect students' use of deep cognitive, metacognitive, surface cognitive and resource management strategies. (3) Performance-avoidance goals would have a negative relationship with metacognition. (4) Performance-approach and -avoidance goals would have positive relationships with students' use of surface cognitive strategies. (5) Performance-approach goals would have a positive relationship, and performance-avoidance goals would have a negative relationship with students' use of resource management strategies. (6) The use of study strategies is expected to predict exam scores.
The hypothesized relationships represent the processes in the effective self-regulated learner. It was assumed that high effort expenditure is characteristic of effective selfregulated learners. We distinguished effective and less effective self-regulated learners on the basis of their effort expenditure, and also tested the model for less effective self-regulators.
An important question is the extent to which the patterns in the model are independent of intellectual ability. Veenman (e.g. Veenman and Beishuizen 2004) repeatedly observed that the metacognitive regulation of novices-academic students-was positively related to their intellectual ability. Therefore, the hypothesized relationships in the model were tested with controlling for intellectual ability. Brew (2002) studied first-year university students of above-average ability and found gender differences in metacognitive experiences. Albard and Lipschultz (1998) and Zimmerman and Martinez-Pons (1990) found gender and age differences in the use of learning strategies of high-achievers and gifted children. Therefore, we also controlled for gender and age.
Method
Participants and procedure First-year psychology students (N=952; 652 female and 300 male) cooperated in this study, participating in a number of collective test sessions within the framework of study obligations. These students were also enrolled in the course Introduction to Psychology, which took place in the first semester. The mean age was 21 years (SD=4.3). More than a week before the exam, participants answered questions regarding effort regulation, achievement goals, engagement in metacognitive activities, and study strategies. The metacognitive activities and the intellectual ability of all participants were assessed during collective test sessions that were different from the sessions in which the other questions were pose.
Variables
Effort regulation The Motivated Strategies for Learning Questionnaire (MSLQ) devised by includes four items that measure effort regulation. The items that directly measured effort expenditure: 'I work hard to do well in the Introduction to Psychology class even if I don't like what I am doing.' and 'Even when course materials are dull and uninteresting, I manage to keep working until I finish' were significantly correlated, r=.40. The items that had to be reversed focus on the opposite of effort expenditure ('I often feel lazy or bored when I study for the Introduction to Psychology class that I quit before I finished what I planned to do.' and 'When course work is difficult I give up or only study the easy parts.') and were not related to the items that focus on effort expenditure. Participants indicated their response to each item on a 1 (not at all true of me) to 7 (very true of me) scale. The mean for the two items that focus on effort expenditure was 4.4, which is above the midpoint of the 7-point scale. The median was 4.5, which indicates that students who had a score above the median answered that effort expenditure is true of them. We considered students with positive responses (>4) to the effort regulation items as effective self-regulated learners and students with non-positive responses (≤4) as less effective self-regulated learners.
Achievement goals The achievement goals questionnaire devised by Elliot and Church (1997) was used to assess participants' achievement goals in the course Introduction to Psychology. Six of these questions were related to mastery goals, for example: 'I want to learn as much as possible from my Introduction to Psychology classes.' Six were related to performance-approach goals, for example, 'It is important for me to do better than other students in my Introduction to Psychology classes.' Another six were posed to measure performance-avoidance goals, for example, 'I worry about the possibility of getting bad grades in my Introduction to Psychology classes.' In answering, participants indicated their response to each item on a 1 (not at all true of me) to 7 (very true of me) scale. Cronbach's alpha for the six items representing mastery goals was .77, for the six items representing performance-approach goals alpha was .79, and for the six items measuring performanceavoidance goals it was .85. For the analyses the sum scores were used for each scale.
Metacognition The Awareness of Independent Learning Inventory (AILI) devised by Elshout-Mohr et al. (2004) was constructed for use in higher education. AILI has been shown to be a reliable and valid measure of metacognition related to academic learning tasks. A generalization study indicated that the findings could be generalized to a broader range of metacognitive components and topics of concern than were actually included in the questionnaire. A decision-study indicated that an abbreviated version of AILI would not lead to a serious loss in generalizability (Elshout-Mohr et al. 2004; Meijer et al. 2003 Meijer et al. , 2006 . We used the shortened version of the AILI, which consists of 45 items (half of the items are presented in reversed format) that measure knowledge of cognition (knowledge about persons, strategies and study tasks), regulation of cognition (planning, monitoring and evaluation) and responsiveness (representing metacognitive experience). An example of a knowledge of cognition item is: 'When students find it difficult to gain insight into the material to be studied, I know ways to solve this.' An example of a regulation of cognition item is: "When I start with a text I first ask myself what I will need to do in order to study the text thoroughly.' An example of responsiveness is: 'I sometimes get a sudden feeling that my method of work doesn't suit the assignment.' Participants indicated their response to each item on a 1 (not at all true of me) to 7 (very true of me) scale. The correlations between the scales that represent knowledge of cognition, regulation of cognition and metacognitive responsiveness were larger than .40. Cronbach's alpha for the 45 items was .88. For the analyses the sum scores were used.
Study strategies The MSLQ devised by was used to assess the student's study strategies. The student was requested to consider the strategies used by him or her in relation to the course Introduction to Psychology. Participants indicated their response to each item on a 1 (not at all true of me) to 7 (very true of me) scale. Fifteen items were employed to measure metacognitive strategies, for example, 'I ask myself questions to make sure that I understand the material I have been studying in this class'. Cronbach's alpha for these 15 items was .75. Fifteen items were used to measure deep cognitive strategies, representing elaboration, organization and critical thinking. For example, 'When reading for this course, I try to relate the material to what I already know.' Cronbach's alpha for these items was .80. Surface cognitive strategies were measured with four items representing rehearsal. For example, 'When I study for this course, I practice saying the material to myself over and over again'. Cronbach's alpha was .68. The scale for resource management strategies consists of 15 items, for example, 'I make good use of my study time for this course'. Cronbach's alpha was .76. For the analyses the sum scores were used for each of the study strategy scales.
Achievement The scores of the exam for the introductory psychology course were used to measure achievement. One half of the test consisted of essay questions, the other half of multiple-choice questions. This exam was taken more than a week after students completed the questionnaire. The scores were obtained from the study administration.
Intellectual ability We controlled for intellectual ability with tests representing components of Guilford's structure of intellect model. Six tests were used-Verbal Analogies, Hidden Figures, Vocabulary Test, Linear Syllogism, Number Series, and Number Speed-for five primary factors: Induction (I), Quantitative reasoning (RQ), Verbal Comprehension (V), Flexibility of Closure (CF), Fluid Intelligence (Gf) of Crystallized Intelligence (Gc), as shown in Carroll's reanalysis of factor analytic studies (Carroll 1993, pp. 791-795) . The unweighted sum of these test scores can be regarded as an IQ equivalent (see also Veenman and Beishuizen 2004) .
Statistical analysis
In order to investigate the relationships between the research variables, we applied structural equation modeling (Bollen 1989 ), fitting the model to the data of two groups: a group of effective self-regulators, and a group of less effective self-regulators. Background variables sex, age, and intellectual ability were used as control variables. The maximum likelihood estimation method yields estimates of regression coefficients, residual variances and covariances, as well as a chi-square (CHISQ) measure of overall goodness of fit and a root mean square error of approximation (RMSEA). The CHISQ test is a measure of exact fit. A significant chi-square value (alpha=0.05) indicates that the model does not fit the data. The RMSEA is a measure of approximate fit. RMSEA values lower than 0.08 indicate satisfactory fit, and values lower than 0.05 indicate close fit (Browne and Cudeck 1992) . If necessary, standardized discrepancies were used as a guidance to modify the model. The analyses were conducted with the computer program LISREL (Jöreskog and Sörbom 1996) .
Results
Eight hundred and four students (31% men, 69% women) were available for statistical analysis (148 students who did not take the exam, were not included in the analyses). Students with high effort investment represented effective self-regulated learners and students with low effort investment represented less effective self-regulators: 421 students could be characterized as 'effective self-regulators' (25% men, 75% women), whereas the remaining 383 students were characterized as 'less effective self-regulators' (39% men, 61% women). Apparently, women are more likely to be characterized as effective selfregulated learners than men (p<0.001 in chi-square test). Table 1 gives descriptive statistics for each of these two groups. It appeared that effective self-regulators were significantly younger, earned significantly higher exam scores, had significant higher achievement goals, scored significantly higher on metacognition and on all study strategies. However, the mean intellectual ability of the two groups was the same.
The fit of the observed variance-covariance matrices of the two groups to Model 1 was poor: CHISQ=58.0 (df=13, p<0.001) and RMSEA=0.095 (90% CI=[0.071, 0.121]) for the effective self-regulators and CHISQ=70.2 (df=13, p<0.001) and RMSEA=0.102 (90% CI [0.080, 0.126]) for the less effective self-regulators. Inspection of modification indices and standardized residuals showed that the observed covariances between achievement goals and study strategies could not sufficiently be explained through the expected indirect effects.
Step by step modification of Model 1 based on the results for the effective selfregulators, adding the direct effects of achievement goals on study strategies where necessary, yielded Model 2. The fit of Model 2 was close: CHISQ=9.68 (df=9, p=0.377) and RMSEA=0.013 (90% CI [0.000, 0.058]). Model 2 is shown in Fig. 1 . Estimates of all Model 2 regression coefficients (in standardized common metric) are given in Table 2. Step Fig. 2 . Estimates of all Model 3 regression coefficients (in standardized common metric) are given in Table 3 . Tables 2 and 3 have seven parts: (a) effects of achievement goals on metacognition and study strategies, (b) effects of metacognition on study strategies, (c) effects of metacognition and study strategies on exam scores, (d) effects of background variables on all other variables, (e) correlations between achievement goals, (f) residual variances and covariances of study strategies, and (g) residual variances of metacognition and exam scores. As all coefficients are standardized (in common metric), values of 0.1, 0.3, and 0.5 can be considered 'small', 'medium', and 'large'. Figure 1 and Table 2 show, as expected, that in the case of effective self-regulatory students mastery goals had a small negative relationship with performance-avoidance goals. Consistent with expectation mastery goals had a large positive and performance-avoidance goals had a small negative effect on metacognition and through metacognition on the use of each of the four study strategies. Metacognition had a medium-sized effect on the use of metacognitive, deep cognitive and resource management strategies, and a small effect on the use of surface cognitive strategies. Consistent with expectation, performance-approach goals were directly related to the use of surface cognitive strategies and resource management strategies. Metacognitive strategies and resource management strategies had positive effects on exam scores. Unexpectedly, mastery and performance-approach goals were positively related to the use of deep cognitive and metacognitive strategies, while performance-avoidance goals were not related to the use of surface cognitive strategies and resource management strategies. Further, the use of deep cognitive strategies was unrelated to exam scores and the use of surface strategies had a small negative effect on exam scores. Table 2 also gives correlations and residual covariances for the effective self-regulators. As expected, mastery goals and performance-approach goals had a (small) positive relationship. Performance approach goals had a medium positive relationship with performance-avoidance goals. Performance-avoidance goals had a small negative relationship with mastery goals. The residual covariances show that not all observed covariances are fully explained by the regression coefficients discussed above (there are positive relationships between the four study strategies).
The results for the less effective self-regulators in Fig. 2 and Table 3 show that a number of paths for less effective self-regulators are the same as those for effective self-regulators. The residual covariances also reveal that there are positive relationships between the four study strategies. There are six relationships in this model that differ from those in the model of effective self-regulators. Mastery and performance-approach goals had a large positive relationship, whereas mastery goals and performance-avoidance goals were unrelated. Further, the pursuit of performance-avoidance goals was unrelated to metacognition. Moreover, metacognition was unrelated to the use of surface cognitive strategies. Further, there occurred two additional effects: a negative effect of avoidance goals on deep processing and a positive effect of mastery goals on resource management.
Discussion
Our starting point was that students who invest more effort in the task would show a more active engagement in the process of learning and self-regulation than students who invested less effort. The results showed that effort investment was positively related to the pursuit of the three achievement goals, metacognition, and the use of each of the four study strategies. Thus, students who invested more effort showed a more active engagement in the process of learning and self-regulation than students who invested less effort. This more active engagement in learning and self-regulation resulted in higher exam scores.
The model that maps out the pattern of interrelationships between achievement goals, metacognition, study strategies and academic achievement for effective self-regulatory learners did not have a good fit.
Step by step modification adding direct effects of performance-approach and mastery goals on deep cognitive and metacognitive strategies yielded the model depicted in Fig. 1 . The same procedure resulted in the model for lesseffective learners shown in Fig. 2 . Our predictions concerning the effects of performance goals were based on research that did not distinguish between approach and avoidance versions of performance goals. This research showed that performance goals were unrelated to the use of deep cognitive and metacognitive strategies. We distinguished between approach and avoidance versions of performance goals and found that performanceapproach goals predicted the use of deep cognitive and metacognitive strategies, whereas performance-avoidance goals were not related to the use of these strategies. Our predictions concerning the effects of mastery goals were based on empirical evidence that demonstrated that mastery goals affected the engagement in metacognitive activities. The direct effects of mastery goals on the use of deep cognitive and metacognitive strategies that were added to both models confirm the results of previous studies that have demonstrated that mastery goals are positive predictors of the use of deep cognitive and metacognitive strategies (Wolters 2004 ).
The results also showed that mastery goals had a small positive relationship with performance-approach goals. This relationship indicates that striving to obtain high grades is not necessary inconsistent with trying to attain mastery, but can co-occur naturally. Mastery goals focus the learner on learning and understanding, but may also tend to lead the learner toward interesting material that is irrelevant to the exam. The simultaneous pursuit of performance approach-goals, which focus on achieving high grades, may prevent learners to dwell on irrelevant material and get disorganized.
We also found that performance-approach and -avoidance goals were positively related. In the case of effective self-regulators performance-approach goals had a medium positive relationship with avoidance goals, in the case of less effective self-regulating learners these goals had a large positive relationship. The research of Elliot and Church (1997) demonstrated that performance-approach and -avoidance goals were positively related to fear of failure. Thus, when students want to earn better grades than others, they also worry about the possibility of getting bad grades, which is especially the case for less effective self-regulators.
Effective self-regulatory students Figure 1 shows two pathways. Consistent with expectation, in the first pathway mastery goals had a large positive and performance-avoidance goals had a small negative effect on metacognition and through metacognition on the use of each of the four study strategies Moreover, three of these strategies contributed to exam scores. The pathway from mastery goals to metacognition indicates that students who try to attain task mastery are highly engaged in metacognitive activities. They have awareness of their personal resources in relation to the demands of the task, along with the knowledge of how to regulate their engagement in the task to optimize outcomes. Schraw et al. (1995) found that students who strongly adopt mastery goals reported more metacognitive knowledge than students with less strong mastery goals. Ford et al. (1998) and Schmidt and Ford (2003) reported that a learning orientation predicted metacognitive regulation. Our results extend these results, because they showed that mastery goals affected the three components of metacognition: metacognitive knowledge, regulation and experience.
As expected, mastery goals had a small negative relation with performance-avoidance goals, which suggest that a weak negative possible self-represented by a performance-avoidance goal-is related to a strong positive possible self-represented by a mastery goal. Moreover, performance-avoidance goals had a small negative effect on metacognition. Consistent with the theory of possible selves (Markus and Ruvolo 1989; Oyserman and Markus 1990) this result indicates that a weak negative possible self may have motivated the self-regulatory student to avoid the feared state by active engagement in metacognitive activities.
Metacognition had medium-sized effects on the use of metacognitive, deep cognitive and resource management strategies, and a small effect on the use of surface cognitive strategies. This supports the notion that students' knowledge of cognition, knowledge of how to regulate their cognitive engagement in the task and metacognitive experience contribute to the selection and use of study strategies.
These results are in line with the findings of Sperling et al. (2004) who measured knowledge of cognition and regulation of cognition by the MAI. The participants in the study of Sperling et al. were first-year students from the USA. We measured knowledge of cognition, regulation of cognition and metacognitive experience by the AILI. Our participants were first-year students from the Netherlands. In spite of these differences both studies found a positive relationship between the engagement in metacognitive activities and students' use of all study strategies, which suggests that this finding may be generalized to novices in different academic settings.
Although the engagement in metacognitive activities had a positive effect on the use of each of the four strategies, only two of these study strategies-metacognitive strategies and resource management strategies-had positive effects on exam scores. The use of these two strategies involves metacognitive self-regulation. Resource management involves time management-scheduling, planning and managing one's study time-which is regarded as a prerequisite of effective studying. Metacognitive strategies involve monitoring, checking and regulating of the cognitive processes during the task performance. Tiaden et al. (2004) have presented a hierarchical model, which maps out the relationships between the four study strategies. They found that planning, comparable with time management, as a prerequisite of effective studying, affected the use of metacognitive and cognitive strategies. Based on the function of metacognitive strategies, they also assumed and demonstrated that the use of these strategies affected the use of (surface and deep) cognitive strategies. We also found that the four strategies were positively related, which suggests that the relationships between the study strategies proceed according to the hierarchical model of Tiaden et al. (2004) . The regulating function of planning and metacognitive strategies could explain the positive effects of resource management strategies and metacognitive strategies on exam scores.
Our results also showed that the use of surface strategies had small negative effect on exam scores. This indicates that the limited use of surface strategies results in higher exam scores, which supports the idea that surface processing is integral to the development of a comprehensive knowledge base (Elliot et al. 1999) . When the use of surface cognitive strategies is instigated by metacognitive monitoring and regulation (according to the hierarchical model of Tiaden et al. 2004) this safeguards that the limited use of these strategies is appropriate to the task and the exam.
The results concerning this 'metacognitive pathway' are in line with the mastery goal perspective of Ames (1992) . Our results support the conclusion of these authors that a mastery goal promotes high-quality involvement in learning. For the strong pursuit of mastery goals instigated metacognitive awareness and the selection of strategies appropriate to the task, which promoted achievement through the regulatory function of resource management and metacognitive strategies. In addition, our results and those from Suárez Reveiro et al. (2001) suggest that learners who are intrinsically motivated also derive benefit from the extrinsic motivation to avoid being judged negatively.
Further, Fig. 1 shows that self-regulated learners also earned high exam scores through another pathway, a pathway in which both mastery and performance-approach goals are involved. Consistent with expectation, performance-approach goals were directly related to the use of surface cognitive strategies and resource management strategies. Unexpectedly, mastery and performance-approach goals were positively related to the use of deep cognitive and metacognitive strategies. Furthermore, the pursuit of performanceavoidance goals was not related to the use of surface cognitive and resource management strategies.
This pathway does not involve the engagement in metacognitive activities, goes directly from performance-approach goals to each of the four study strategies and from mastery goals to metacognitive and deep cognitive strategies. In this pathway performance-approach goals affected exam scores through the use of three strategies-metacognitive, surface cognitive and resource management strategies-whereas mastery goals had an effect on exam scores through the use of one type of strategy-metacognitive strategies. This means that the contribution of performance-approach goals to exam scores is stronger than that of mastery goals.
In this pathway the use of metacognitive strategies (as measured by MSLQ) regulates cognitive processes. It is plausible that the regulation which is instigated by metacognitive awareness (as measured by AILI) is based on more thoughtful and deliberate use of metacognitive knowledge and regulation than the regulation of cognition instigated by metacognitive strategies. An example may clarify this matter. An item from the MSLQ representing the use of metacognitive strategies is: 'I ask myself questions to make sure I understand the material I have been studying in this class. ' Afflerbach et al. (2008) mentioned that a beginning student who asks him or herself questions to clarify his or her comprehension of course material performs a deliberate metacognitive act of selfquestioning that serves the student's goal of monitoring and building better comprehension. A comparable item from the AILI is: 'When students find it difficult to gain insight into the material to be studied, I know ways to solve it.' When the task is challenging, the more thoughtful and deliberate use of metacognitive knowledge and regulation may be more helpful to novices to adapt their strategy use to the task requirements. Entwisle and McCune (2004) assume that there is a logical association between motive and strategy. They suggest that students use a strategic approach: when they want to do well, they need to know what 'counts' and then work hard and systematically to meet those requirements. This could apply to the effective self-regulated learners. Then the question is when the self-regulatory learner makes use of the 'metacognitive pathway' and when of the 'strategy pathway'. It is plausible that a challenging task will instigate the learner to focus on learning and understanding, reflect about ways to get insight in the material, make conscious efforts to work systematically and be sensitive to sudden feelings that insights are beginning to develop. In line with this, Veenman and Beishuizen (2004) demonstrated that students who studied a more difficult text showed more engagement in metacognitive activities than students who studied a less difficult text.
When the task is less challenging or not particularly interesting, the self-regulatory learner could cope with this by focusing on obtaining high grades and only aim at learning and understanding in the service of obtaining high grades. These two pathways allow students to flexibly adapt their goal pursuit and manage their learning, so that they are able to attune their behavior optimally to the task and achieve good results (see also Suárez Reveiro et al. 2001) .
The psychology students cooperated in this study in the first semester of the first study year. Thus, they were in the initial acclimation stage of domain expertise (Alexander 2003) . Our results showed that the effective regulatory students applied a mix of surface and deep cognitive strategies, signifying a movement away from acclimation and toward competency. This movement toward competency in the initial stage of domain learning may result from the optimal attunement of the use of strategies to the exam requirements. The exam of the course Introduction to Psychology included multiple-choice and essay questions. The multiple-choice questions tested whether students made sense of and memorized the information provided in the course, which require the use of surface cognitive strategies. The essay questions tested for deep understanding and integration of the material, which require deep cognitive processing.
Less-effective self-regulatory students Figure 2 depicts the model concerning less-effective self-regulators. We did not formulate expectations about the relationships between the variables for less effective self-regulators.
It is conspicuous that the observed relationships in Fig. 2 also show a metacognitive and a strategy pathway. Before discussing the relationships that are characteristic of less effective self-regulators, it is relevant to note that less effective self-regulators not only invested less effort, but that they also showed less engagement in the learning process and obtained lower exam scores than effective regulators. They allocated their efforts less to achievement goals, engagement in metacognitive activities and the use of strategies.
Although Fig. 2 also shows a metacognitive and an strategy pathway, there are a number of relationships in this model that differ from those in the model of effective self-regulators, which create a quite different picture of the learning process of the less effective selfregulators. Firstly, in the model of less effective self-regulators mastery goals were unrelated to performance-avoidance goals, and the pursuit of performance-avoidance goals was unrelated to the engagement in metacognitive activities. Thus, the limited pursuit of avoidance goals did not have a stimulating effect on the engagement in metacognitive activities, as was the case for effective self-regulating learners. Moreover, the engagement in metacognitive activities was unrelated to the use of surface cognitive strategies. So metacognitive activities did not affect the selection or use of surface processing, and did not contribute to exam scores through surface processing. This small difference might have a substantial effect, since surface processing is relevant for obtaining good exam scores, and is negatively related to exam scores. Thus, in the metacognitive pathway the limited use of surface cognitive strategies relevant for earning good results cannot be effectuated. Together these processes might have impaired the effectiveness of the metacognitive pathway.
In the strategic pathway there occurred two additional effects-of performanceavoidance goals on deep processing and of mastery goals on resource managementwhich enhanced the relative strength of this pathway.
In this pathway the pursuit of performance-avoidance goals had a negative effect on the use of deep cognitive processes. This extra effect influences the processes in the strategy pathway. There were three achievement goals that contributed to the use of deep processing; together these goals had a large effect on the use of deep cognitive strategies. This effect was larger than the effects of achievement goals on the use of metacognitive, resource management strategies or surface cognitive strategies. As a consequence the use of deep cognitive strategies might have prevailed over the use of metacognitive and resource management strategies that have a regulating function. It is plausible that the use of deep cognitive strategies overruled the use of metacognitive strategies, which regulates and controls deep or surface processing. This suggests that the use of deep cognitive strategies was insufficiently regulated and thus not adapted to the task requirements. Altogether these effects may have contributed to impairment of the relatively strong strategy pathway for less effective self-regulators.
It is relevant to note that the number of significant relationships for effective and less effective learners hardly differs. Thus, it is not the quantity but the quality of the relationships that is relevant. These qualitative differences between effective and less effective self-regulators have an impact on the learning process in such a way that the metacognitive pathway is insufficiently adapted to the exam requirements, and that the strategy pathway prevails over the metacognitive pathway. In the latter pathway the effects of achievement goals on deep cognitive processing overrules the effects of regulating strategies that affect exam scores. Further, it is conspicuous that the (lack of) relationships of performance-avoidance goals with mastery goals, engagement in metacognitive activities and deep processing impair the effectiveness of the metacognitive and strategy pathways for less-effective self-regulators. This evidence supports the conclusion of Barron and Harackiewicz (2001) and Harackiewicz et al. (2002) that maladaptive learning patterns are mainly associated with performance-avoidance goals.
Intellectual ability, gender and age Several studies with first-year psychology students performing learning tasks showed that intellectual ability and metacognitive activities were related (Veenman and Beishuizen 2004) . For this reason we controlled for intellectual ability. Our results revealed a positive relationship between intellectual ability and metacognitive activities for effective, but not for less effective self-regulators. The intellectual ability of effective self-regulators also had a positive relationship with exam scores, while the intellectual ability of less effective selfregulators was unrelated to their exam scores. These results are in agreement with the 'mixed model' that describes the relation between intellectual ability and metacognition as predictors of novice learning. According to the mixed model metacognition is related to intellectual ability to some extent, but also has a surplus value on top of intellectual ability for the prediction of novice learning (Veenman and Verheij 2003) . Our results suggest that the mixed model especially applies to the learning process of effective self-regulators.
We also controlled for gender and age. The results revealed that female effective selfregulators were more engaged in metacognitive activities. Brew (2002) studied first-year students with above-average ability and found that for female students sensitivity to metacognitive experiences and being open to new ideas were highly integrated, whereas for male students sensitivity to metacognitive experiences and being open to new ideas were not necessarily associated. Brew suggested that women's sensitivity to metacognitive experiences and their openness to new ideas are related to women's stronger orientation to their own and other people's feelings and interpersonal relationships. Albard and Lipschultz (1998) and Zimmerman and Martinez-Pons (1990) found that high-achieving and gifted girls in middle and high school reported greater use of resource management and metacognitive strategies. In line with this, we found that female university students who were effective self-regulators made more use of resource management, metacognitive strategies and obtained higher exam scores than male effective self-regulators.
The results also showed that younger students who were effective self-regulators obtained higher exam scores than older effective self-regulators. The older students often worked a number of years before starting with the study of psychology. Many older students find it difficult to devise a structured study regimen and to adequately utilize study strategies. Perhaps this explains that while they used more metacognitive strategies than younger students they obtained lower exam scores.
Limitations
There are a number of limitations that should be considered when interpreting the present results. First it could be argued that the current sample lacked representativeness, given that the participants were novices in the domain of psychology and the sample was predominantly female. More research is called for before we can know whether the current results generalize to other populations, domains and samples with equal numbers of women and men. A second potential limitation is that the test of introduction to psychology included multiple-choice and essay questions. It is possible that the models of effective and less effective self-regulatory students are specific for this type of exam.
A third potential limitation is related to the operationalization of effort regulation, engagement in metacognitive activities and study strategies based on self-report. It is plausible that a survey of actual study investment would have provided more data concerning the actual investment in hours. We interviewed 50 students who participated in the present study and asked their actual study investment in hours. Most students did not remember how many hours they studied for the exam, they reported the number of days (Goudsmit 2007) . Perhaps the results support our operationalization of effort, because we asked to what extent they worked hard and kept working. The findings concerning engagement in metacognitive activities and the use of study strategies were also based on student's self-report, thus we cannot be sure that students actually were engaged in all the metacognitive activities that they reported nor that they used all of the reported strategies. Thus, it is advisable in further research to also administer interviews to gather data about student's engagement in metacognitive activities during task performance (Luwel et al. 2003) and use behavioral observation of effort and strategy use based on log data.
Conclusion
Starting from a number of core concepts in the theoretical models of self-regulated learning, and based on the results of empirical research, the relations between goals, engagement in metacognitive activities, strategy use and achievement were put into a complex causal model that was tested. The results of this study may provide clues for further theoretical development and practical applications. Theorists, such as Boekaerts (1997) , Pressley (1995) and Winne (2005) , have pointed out that it is important to examine in what respects effective and less-effective self-regulatory students differ. The present study sheds light on qualitative differences between effective and less-effective self-regulatory students. Such data can promote theoretical development concerning less-effective self-regulated learning. More knowledge of the difference between effective en less effective self-regulated learning may enhance the effect of interventions that focus on the development of complicated academic competencies.
Our results indicate that successful self-regulation in the achievement domain may be conditional, such that for some task components mastery goals, weak avoidance goals, and engagement in metacognitive activities are optimal, whereas for other task components mastery goals, performance-approach goals, and the direct use of metacognitive strategies are more effective (e.g. Elliot et al. 1999) . This implies that interventions should not only include a focus on achievement goals, engagement in metacognitive activities or strategy use, but also a consideration of when different self-regulatory profiles are to be recommended.
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